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(54) Title: METHODS FOR INCREASED REMOVAL OF DRAG REDUCER ADDITIVES FROM LIQUID HYDROCARBON 
FUEL 



(57) Abstract: A method for increasing removal of drag reducer additive (DRA) from liquid hydrocarbon fuel. The method com- 
Q prises producing contaminated liquid hydrocarbon fuel comprising a concentration of removable DRA comprising a quantity of one 
►IT or more polar groups, and contacting the contaminated liquid hydrocarbon fuel with an amount of one or more removal agents under 

removal conditions effective to produce a reduced concentration of the removable DRA. 
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TITLE: METHODS FOR INCREASED REMOVAL OF DRAG REDUCER 
ADDITIVES FROM LIQUID HYDROCARBON FUEL 

Cross reference to related applications 

5 [0001] The present application is a continuation-in-part of U.S. Patent Application 

Serial No. 10/453,803, filed June 3, 2003, published as US-2004-0015034-A1 on January 

22, 2004, pending. The present application also is related to U.S. Patent No. 6,599,337, 

issued July 29, 2003. Each of the foregoing references is incorporated herein by 1 

reference. 

10 Field 

[0002] The application relates to methods for increasing removal of drag reducer 
additives ("DRA's") from liquid hydrocarbon fuel. 
Background of the Application 

[0003] DRA is added to flowing fluids in order to reduce the energy lost due to 
1 5 friction, or drag, thus permitting the movement of more fluid at the same differential 
pressure. The resulting reduction in frictional pressure drop improves pumping 
efficiency, lowers energy costs, and increases profitability. 

[0004] Unfortunately, whether in the virgin form or in the sheared or partially sheared 
form, and despite the fact that DRA intentionally is added to certain fuels, DRA 
20 nonetheless is a "contaminant" in liquid hydrocarbon fuels, and has the potential to cause 
a number of problems. The presence of DRA in aviation turbine fuel may result in 
downgrading of an entire batch to non-aviation kerosene or diesel fuel, both of which 
generally have less market value than aviation turbine fuel. 
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[0005] Simple and inexpensive methods are needed for removing DRA from liquid 

hydrocarbon fuels. 

Summary 

[0006] The application provides a method for increasing removal of drag reducer 
5 additive (DRA) from liquid hydrocarbon fuel. The method comprises producing 
contaminated liquid hydrocarbon fuel comprising a concentration of removable DRA 
comprising a quantity of one or more polar groups, and contacting said contaminated 
liquid hydrocarbon fuel with an amount of one or more removal agents under removal 
conditions effective to produce a reduced concentration of the removable DRA. 
10 Detailed Description 

[0007] The present application provides methods for producing increased removal of 
DRA from liquid hydrocarbon fuel by removal agents effective to bind polar groups. 
Removal Agents for Removing DRA from Fuels 

[0008] A number of materials have been identified as effective removal agents for 
15 removing DRA from liquid hydrocarbon fuels, preferably motor gasoline and jet fuels, 
most preferably jet fuels. Effective removal agents for DRA, including polyalphaolefin 
DRA, include but are not necessarily limited to carbonaceous materials, including but not 
necessarily limited to selected activated carbons and graphites. See U.S. Patent No. 
> 6,599,337, incorporated herein by reference. The present application provides a method 
20 for increasing removal of DRA using activated carbons, graphites, attapulgus clay, and 
any removal agent effective to bind polar groups. 
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[0009] Without limiting the application to a particular theory or mechanism of 
operation, the more active DRA removal agents are believed to comprise ducts or pores 
having a hydrophobic/hydrophihc property that attracts polar pendant groups on the 
DRA. The attraction is believed to bring the pendant groups on the DRA into proximity 
5 and orientation with the pore surface of the agent, thereby immobilizing the pendant 
groups. When many pendant groups on a given drag reducer molecule are 
simultaneously immobilized, the drag reducer molecule is strongly immobilized. 
[0010] If it is known that a particular type of removal agent is to be used at a given 
location to remove DRA, the DRA may be tested for removal by that specific removal 
1 6 agent and, if insufficient removal is achieved, removable DRA may be used as described 
herein. 

"Liquid Hydrocarbon Fuel* 

[0011] By "liquid hydrocarbon fuel" is meant any hydrocarbon that is liquid under 
conditions of transport and/or storage. Suitable liquid hydrocarbon fuels include, but are 

15 not necessarily limited to those having a boiling range of from about 150 °F to about 750 
°F, which may be used as a fuel. In one embodiment, the liquid hydrocarbon fuel is 
selected from the group consisting of liquefied natural gas (LNG), liquefied petroleum 
gas (LPG), motor gasoline, aviation gasoline, distillate fuels such as diesel fuel and home 
. heating oil, kerosene, jet fuel, No. 2 oil, residual fuel, No. 6 fuel, or bunker fuel. In a 

20 preferred embodiment, the liquid hydrocarbon fuel is selected from the group consisting 
of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. In a more preferred 
embodiment, the liquid hydrocarbon fuel is jet fuel, at least in part due to the stringent 
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requirements applicable to jet fuel and DRA. The phrase "jet fuel" refers to both 
commercial jet fuel (Jet A, Jet A-l, and JET B) and military jet fuel, such as JP-4, JP-5, 
JP-8 and the like. 

"Removable* Drag Reducer Additive 
5 [0012] The application provides a method in which "removable DRA" is used to 
reduce drag in liquid hydrocarbon fuels. The "removable DRA" is then removed from 
the fuel to which it was intentionally added, or to another fuel in which the DRA was an 
unintentional contaminant 

[0013] "Removable DRA" is DRA comprising a quantity of polar groups. The 
10 quantity of polar groups is effective to produce a greater amount of removal than the 
amount of polyalphaolefin DRA that would be removed using the same one or more 
removal agents under the same removal conditions. As used herein, the phrase 
"polyalphaolefin DRA" refers to a DRA consisting essentially of carbon and hydrogen 
and comprising up to a single terminal unsaturated carbon-carbon bond. 
1 5 [0014] Preferably, the quantity of polar groups on the removable DRA is effective to 
produce 2% or more greater removal than the amount of polyalphaolefin DRA that would 
be removed using the same one or more removal agents under the same removal 
conditions. More preferably, the amount of polar groups are effective to produce 5% or 
> more greater removal, more preferably 1 0% or more greater removal, even more 
20 preferably 1 5% or more greater removal than the amount of polyalphaolefin DRA that 
would be removed using the same one or more removal agents under the same removal 
conditions. 
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[0015] Removal agents which have demonstrated an absorption capacity for 
polalphaolefins of about 0.03 wt% include, but are not necessarily limited to 
GRAPHITE 2139, GRAPHITE 3726, GRAPHITE 3739, GRAPHITE 5539, GRAPHITE 
9039, and GRAPHITE GA-17, which are commercially available available from Superior 
5 Graphite Co. 

[0016] "Removable DRA" is DRA comprising polar groups which can be made using 
any method, including, but not necessarily limited to: methods used to make 
conventional DRA's which inherently comprise a sufficient quantity of polar groups; 
methods to synthesize conventional DRA which otherwise does not comprise a sufficient 
1 0 quantity of polar groups to incorporate one or more monomers comprising polar groups; 
and, methods for modifying DRA after synthesis to include a sufficient quantity of one or 
more polar groups. 

[0017] Examples of removable DRA's whose synthesis can be modified and/or which 

may be modified after synthesis to comprise a sufficient quantity of polar groups include, 
15 but are not necessarily limited to those described in the following patents or published 

applications, each of which is fully incorporated herein by reference: U.S. Pat No. 

5,252,692; U.S. Pat No. 3, 471,273; U.S. Patent No. 4,881,566; U.S. Patent No. 

6,410,671; WO 99/57162. Suitable DRA's include, but not necessarily limited to alkyl 
* styrenes; polymers of alpha-olefins, isobutylenes, and alkyl acrylates; and, combinations 
20 thereof. Alpha olefins which typically are used to produce polyalphaolefins, include, but 

are not necessarily limited to such 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetra- 

decene, isobutylene. 
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[0018] Preferred DRA's for modification according to the present application include, 
but are not necessarily limited to "polyalphaolefins which are non-polar long-chain 
polyolefin polymers. Suitable polyalphaolefins have a "peak" molecular weight 
sufficiently high to allow the polymers to reduce fluid flow drag. Suitable 
5 polyalphaolefins are believed to have a molecular weight of about 1 million Daltons or 
more, more preferably about 1 0 million Daltons or more, most preferably about 25 
million Daltons or more. The "peak" molecular weight refers to the peak that typically is 
• measured as the drag reducer is eluted and detected during gel permeation 
chromatography. 

1 0 [0019] Suitable polyalphaolefins comprise polymerized linear alpha olefin (LAO) 
monomers having from about 2 to about 40 carbon atoms, preferably from about 2 to 
about 30 carbon atoms, more preferably from about 4 to about 20 carbon atoms, most 
preferably from about 6 to about 12 carbon atoms. An especially preferred embodiment 
of DRA which maybe be modified to form "removable DRA" comprises at least two 

1 5 different LAO's, preferably having from about 6 to about 12 carbon atoms, the number of 
carbon atoms of the "at least two different LAO's" differing by 6. 
[0020] Polyalphaolefins having relatively high molecular weights are required to 
impart good drag reduction. Suitable polyalphaolefin DRA's are made by a variety of 
processes, including but not necessarily limited to solution polymerization and bulk 

20 polymerization. Bulk polymerization is said to produce "ultra-high molecular weight 
polyolefin drag reducers [that] are significantly larger (molecular weight basis) than the 
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best molecular weights made by solution polymerization/' See U.S. Patent No. 
5,504,132. Preferred poly(alpha olefin) DRA's are made by solution polymerization. 
[0021] Commercially available DRA's which may be rendered "removable" include, 
but are not necessarily limited to, CDR® Flow Improver, REFINED POWER™, and 
5 REFINED POWER n™, manufactured by ConocoPhillips, EN-660 Flow Improver, 
manufactured by Energy 2000 LLC, and the FLO® line of drag reducer additives, such as 
FLO^XS and FLO®XL, manufactured by Baker Petrolite. 
[0022] As liquids containing DRA travel through pumps, pipelines and other 
equipment, the DRA typically degrades through shearing action, resulting in a reduction 

10 in the molecular weight of the DRA. The degraded DRA is generally sheared or partially 
sheared DRA. Upon reaching the ultimate destination, liquid hydrocarbon fuels that have 
been shipped using DRA may contain a significant amount of DRA, including that in the 
sheared and partially sheared form. Removable DRA's preferably are removed in both 
their sheared and unsheared forms. 

1 5 [0023] The DRA may comprise other components as well as the polymer, itself. 
Examples of such components include, but are not necessarily limited to surfactant, 
catalyst residue, other additives, and other byproducts from the production of the 
polymer. 

[0024] At least activated carbons, graphites, and attapulgus clays are believed to 
20 operate by attracting polar groups on the DRA. Therefore, preferred "removable DRA's" 
comprise polar -groups other than the single terminal unsaturated carbon-carbon bond of 
polyalphaolefins mentioned above. Examples of suitable organic polar groups include, 
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but are not necessarily limited to groups comprising one or more moieties selected from 
the group consisting of oxygen, sulfur, nitrogen, halogen, phosphorus, unsaturated 
carbon-carbon bonds other than a single terminal unsaturated carbon-carbon bond of a 
polyalphaolefin, and combinations thereof. 
5 [0025] Examples of suitable groups comprising oxygen include, but are not necessarily 
limited to hydroxyl groups, carbonyl groups, carboxyl groups, ether groups, ester groups, 
epoxide groups, salts thereof, groups comprising the foregoing groups, and combinations 
thereof Suitable groups include, but are not necessarily limited to 
a) acrylic acid and acrylic acid salts of the following general formula: 
CH CR' 

i 

c=o 

10 0M 

where R' is H or an alkyl group and M is selected from the group consisting of hydrogen, 

a metal, and a nitrogen-containing base such as an amine. M also can be a hydrocarbyl 
moiety, in which case the entire group is an ester. 

[0026] Examples of suitable groups comprising sulfur include, but are not necessarily 
1 5 limited to thiols, carbonyl sulfides, sulfonic acid groups, sulfonates, sulfonides, groups 
comprising the foregoing groups, and combinations thereof. 
[0027] Examples of suitable groups comprising nitrogen include, but are not 
necessarily limited to ammonium groups, amine groups, N-substituted amine groups, 
amide groups, N-substituted amide groups, amidine groups, N-substituted amidine 
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groups, acidic groups carried by substituents of N-acrylamide, N-methacrylamide, N- 
acrylamidine or N-methacrylamidine, nitrile groups, guanidine groins, groups 
comprising the foregoing groups, and combinations thereof. Preferred N-substituted 
amides and N-substituted amidines are N-substitutes containing polar groups other than 
5 primary amines. Preferred amines are tertiary amines and quaternary ammonium salts. 
[0028] Suitable N-substituted groups include, but are not necessarily limited to groups 
having the following general formula: 



CH 2 — CR 

i 

I 

NR'-R" 

where R, R, and R" are selected from the group consisting of hydrogen and alkyl groups 
and x is from about 0 to about 40. 

[0029] Suitable N-substituted acrylamide or methacrylamide groups include, but are 
not necessarily limited to groups having the following general formula: 
CH 2 CR' 




NH 
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where R 1 is H or an alkyl and R is an organic substituent with at least one carbon and Y is 
COOM, -SO3 M or — OSO3 M in which M is selected from the group consisting of 
hydrogen, a metal, and a nitrogen-containing base such as an amine. 
5 [0030] Suitable acryl- or methacrylaminidines include, but are not necessarily limited 
to groups having the following general formula: 
CH 2 CR' 

C=NH 

1 

NH 

* X 

where R' is H or an alkyl and R is an organic substituent with at least one carbon atom 
and X is H or a non-ionic or ionic substituent The character of the substituent X is not 

1 0 particularly essential. Suitable non-ionic substituents for X may be oxygen-containing 
substituents such as —OH, -OR, esters, saccharides, epoxides, alkyls having from about 
4 to 24 carbon atoms, silicone containing substituents, such as [Si(R2)-0] n — S1R3 where 
n is from about 0 to about 100 and R is an alkyl having from about 4 to 24 carbons, nitro- 
groups, nitroso groups, lactone groups, lactame groups, nitrile groups, and others. 

1 5 '* Suitable cationic groups X include, but are not necessarily limited to primary, secondary 
and tertiary amines and their salts, salts of quaternary bases, pyridine derivatives, 
naphtyridine derivatives, guanidines, amidines, etc. Suitable anionic groups X include, 
but are not necessarily limited to -COOM, -S0 3 M, -OSO3 M or -OPO2 OM in which 
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M includes, but is not necessarily limited to hydrogen, metal-containing bases, and 
nitrogen-containing bases (such as an amine). 

[0031] Examples of suitable phosphorus containing groups include, but are not 
necessarily limited to oxygenated phosphorus groups, halogenated phosphorous groups, 
5 groups comprising the foregoing groups, and combinations thereof. Examples include, 
but are not necessarily limited to phosphine groups, phosphate groups, phosphoric acid 
groups, groups comprising the foregoing groups, and combinations thereof. Note that 
many of the foregoing groups also comprise oxygen. 

[0032] Suitable unsaturated groups comprising unsaturated carbon-carbon bond(s) 
1 0 include, but are not necessarily limited to alkenyl groups, alkynyl groups, aromatic 
groups, diallyl compounds, preferably diallyl ammonium compounds, ethylenically 
unsaturated carboxylic esters and carboxylic amides and copolymers thereof, groups 
comprising the foregoing groups, and combinations thereof. Examples of suitable 
ethylenically unsaturated carboxylic esters and carboxylic amides include, but are not 
1 5 necessarily limited to copolymers (including ter and higher polymers) having structural 
units derived fiom monomers which are (A) at least one ethylenically unsaturated 
alcohol, carboxylic acid or ester, with at least one of (B) an ethylenically unsaturated 
carboxylic ester with a polar group in the ester, and (C) an ethylenically unsaturated 
, carboxylic amide. See WO 99/57162, which has been incorporated herein by reference. 
20 The acid may be a mono, di, or tricarboxylic acid, including but not necessarily limited to 
fumaric, maleic, and.crotonic acids. 
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[0033] Examples of suitable polar groups include, but are not necessarily limited to 
acetate groups, acrylate groups, acrylamide groups, zwitterionic groups, epoxide groups, 
metal silicate salt groups, alkyl propane sulfonic acid groups, N-sulfoalkyl-N- 
alkacroyloxyalkyl groups, N,N-dialkyl-ammonium betaine (TV) groups, groups 
5 comprising quaternary salts of dialkylamino alkyl alkacrylates, poly (dialkylamino 

alkylacrylamide groups, poly (dialkylamino alkylacrylamide) groups, (3-acrylamido-3- 
alkyl) alkylpolyalkylammonium chloride groups, 2-acrylamido-2-alkylpropane sulfonic 
acid groins, and dialkyldiallyl ammonium chloride groups, alkyl styrene sulfate groups, 
carboxyvinyl groups, vinyl acrylamide groups, carboxymethyl-cellulose groups. 

1 0 [0034] Specific examples of the foregoing groups include, but are not necessarily 
limited to sodium silicate groups, calcium silicate groups, magnesium silicate groups, 
iron silicate groups, aluminum silicate groups, alkyl-poly(etheroxy) acrylate groups, 
methyl propane sulfonic acid groups, N-3-sulfopropyl-N-methacroyloxyethyl-N,N- 
dimethyl-ammonium betaine (VI) groups, quaternary salts of dimethylamino alkyl 

15 methacrylates, quaternary salts of dimethylamino alkylmethacrylamide groups, poly 
(dimethylamino methylacrylamide) groups, (3-acrylamido-3-methyl) 
alkylpolyalkylammonium chloride groups, 2-acrylamido-2-methylpropane sulfonic acid 
groups, and dimethyldiallyl ammonium chloride groups, methyl styrene sulfate groups, 
, carboxyvinyl groups, vinyl acrylamide groups, carboxymethylcellulose groups 

20 hydroxyethylcellulose groins, alkylpoly (etheroxy) acrylate groups, methyl propane 

sulfonic acid, N^3-sulfopropyl-N-metbacroyto^ betaine 
(VI) groups, quaternary salts of dimethylaminoethyl methacrylate and 
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dimethylaminopropyl methacrylamide groups, poly (dimethylamino methylacrylamide) 
groups, (3-aciylmido-3-methyl) butyltrimethylammonium chloride groups, 2-acrylamido- 
2-methylpropane sulfonic acid groups, dimethyldiallyl ammonium chloride groups, and, 
methacrylamido propyl trimethyl ammonium chloride, organic electrolyte such as 
5 cetyltrimethylammonium salicylate and sodium salicylate; cetyltrimethylammonium 3,4,- 
dichlorobenzoate and sodium 3,4-dichlorobenzoate; and tetradecyltrimethylammonium 
salicylate and sodium salicylate. Another drag reducer is formed by the reaction product 
of a hydroxy ether and a pentavalent phosphorous compound with a short chain arid or 
long chain alcohol 

10 [0035] Suitable zwitterion groups have the following general structure: 
D E F 



(CH 2 C) x — (CH 2 — C) y (CH 2 C) z 

i i i 

W X X, 

wherein 

i 

W is a CONH 2 or CONHR or CONRR' or COO" or COOR" group, where R, R' 

and R" are linear or branched aliphatic radicals; 
15 x, y, and z are molar percentages, y+z not equal to zero; 

D, E and F are an atom of hydrogen or a methyl group, X and X' correspond to 

one of the following two formulas; 
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R2 
I 

I R 4 N* R t z- 



O 



R2 



C O— R 4 — N + R 1 Z - 



10 



R 3 

wherein 

R2 and R 3 are each a monovalent hydrocarbon radical; 

Ri is a divalent organic group comprising a linear chain consisting of carbon 

atoms, containing 3 to 12 atoms in linear chain, that can be interrupted by 

1 nitrogen atom carrying an amide function or by 1 to 3 oxygen atoms and 

comprising possibly alkyl or hydroxyl substituents; 
R4 is a linear or branched aliphatic group and R5 is a hydrocarbon radical; ^ 
27 meets at least one of the following formulas corresponding to sulfobetaines and 

phosphobetaines respectively: 



O 

11 

s — o- 



o 

II 

p — o- 

R9 
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wherein 

R9 is a methyl, phenyl or alkoxy radical, 

in cases where synthesis is carried out in the absence of salts: 

(>+zjmax=40%, 

5 in the case of phosphobetaines and of synthesis in the presence of salts 

(y+z;max=100%. 

In the case of sulfobetaines, Ri can be one of the following two formulas: 

— (CH 2 )„ (CH)„ — (CH 2 )„— 

I 

Y 

C 
I 

— (C) n — N — (CH 2 ) m — (CH) p — (CH^— 

I 

Y 

1 0 wherein R< and R7 represent each a substantially hydrocarbon radical and Rs a hydrogen 
atom or a hydrocarbon radical; n, m, p, q are integers, n is 2 or 3; Y can be a methyl or 
hydroxyl group; p can be 0 or 1. Provided that, when Y is a hydroxyl group, p is 1, m is 
1 and q is 1; when Y is a methyl group, pis 1, m is 2 and q can be 0 or 1; whenpisO,the 
sum m+q is 2, 3, or 4. 
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[0036] In the case of phosphobetaines, Rj can correspond to one of the following four 
formulas: 

(CH 2 ) r (CH 2 — CH 2 — 0 ) s — CH 2 CH 2 — 

(CH 2 — CH — - CH 2 — 0) t CH 2 — CH CH 2 

OH OH 

(CH 2 CH 2 — 0) s CH 2 — CH 2 

I I 
CH 3 CH3 

r is an integer between 3 and 12, s is an integer between 1 and 3 and t is an integer that 
5 can be lor '2. 

Synthesis of the Zwitterion Polymers 

[0037J Many of the foregoing groups are made using methods described in one or 
more of the following patents, each of which is incorporated herein by reference: U.S. 
Patent No. 3,471,273; U.S. Pat No. 4,881,566; U.S. Pat No. 6,410,671; U.S. Pat No. 
10 5,252,692; and WO 99/57162. To the extent not described in the foregoing references, 
persons of ordinary skill in the art will be aware of various methods by which to add 
polar groups to DRA to produce removable DRA. 

[0038] Where the DRA is made using monomers comprising the one or more polar 
group(s), the polar group(s) are of a type and at a position on the monomer(s) effective to 
1 5 permit adequate polymerization of fiinctionalized monomers and non-functionalized 
comonomers (if present) and to produce molecules effective as DRA. For example, 
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where the DRA is polyalphaolefin, the monomers preferably are unsaturated at the 
position, or at the alpha (a-) position, and the polar group(s) are separated from the 
unsaturation by at least 1 carbon atom. In a most preferred embodiment, the monomers 
are unsaturated at the a-position and the polar group(s) are at the omega (oo-) position on 
5 the monomer(s). The oo- position is the carbon atom at the opposite terminus of the 
monomer. 

[0039] Persons of ordinary skill in the art will recognize that many modifications may 
be made to the foregoing without departing from the spirit and scope thereof. The 
embodiment described herein is meant to be illustrative only and should not be taken as 
1 0 limiting the invention, which is defined in the following claims. 
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I claim: 



1 1 . A method for increasing removal of drag reducer additive (DRA) from 

2 liquid hydrocarbon fuel, said method comprising: 

3 producing contaminated liquid hydrocarbon fuel comprising a concentration of 

4 removable DRA comprising a quantity of one or more polar groups other 

5 than a single terminal unsaturated carbon-carbon bond; and, 

6 contacting said contaminated liquid hydrocarbon fuel with an amount of one or 

7 more removal agents under removal conditions effective to produce a 

8 reduced concentration of said removable DRA. 

1 2. The method of claim 1 wherein said reduced concentration of said 



2 removable DRA is greater than a reduced concentration of polyalphaolefin DRA 

3 removed from the same liquid hydrocarbon fuel under the same removal conditions using 

4 the same one or more removal agents, said polyalphaolefin DRA consisting of carbon and 

5 hydrogen and said single terminal unsaturated carbon-carbon bond 



1 3. The method of claim 1 wherein said one or more removal agents are 

2 selected from the group consisting of activated carbons, graphites, and attapulgus clay. 

1 4. The method of claim 2 wherein said one or more removal agents are 

2 selected from the group consisting of activated carbons, graphites, and attapulgus clay. 
1 . . 5. The method claim 1 wherein said one or more effective removal agents 
2 comprise activated carbon. 

1 6. The method of claim 1 wherein said one or more effective removal agents 

2 comprise attapulgus clay. 
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1 7. The method of claim 1 wherein said one or more effective removal agents 

2 comprise graphite. 

1 8. The method claim 2 wherein said one or more effective removal agents 

2 comprise activated carbon. 

1 9. The method of claim 2 wherein said one or more effective removal agents 

2 comprise attapulgus clay. 

1 10. The method of claim 2 wherein said one or more effective removal agents 

2 comprise graphite. 

1 11. The method of claim 2 wherein said reduced concentration of said 

2 removable DRA is 2% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 

1 12. The method of claim 2 wherein said reduced concentration of said 

2 removable DRA is 5% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 

1 1 3 . The method of claim 2 wherein said reduced concentration of said 

2 removable DRA is 1 0% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 

1 14. The method of claim 4 wherein said reduced concentration of said • 

2 » removable DRA is 2% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 
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1 15. The method of claim 4 wherein said reduced concentration of said 

2 removable DRA is 5% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 

1 16. The method of claim 4 wherein said reduced concentration of said 

2 removable DRA is 10% or more greater than a reduced concentration of polyalphaolefin 

3 DRA. 

1 17. The method of claim 1 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 18. The method of claim 3 wherein the Uquidhydrck^ibon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 1 9. The method of claim 1 5 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 20. The method of claim 16 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 21. The method of claim 1 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of liquefied natural gas (LNG), liquefied petroleum gas (LPG), 

3 motor gasoline, aviation gasoline, distillate fuels such as diesel fuel and home heating oil, 

4 kerosene, jet fuel, No. 2 oil, residual fuel, No. 6 fuel, or bunker fuel. 

1 * 22. The method of claim 3 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of liquefied natural gas (LNG), liquefied petroleum gas (LPG), 

3 motor gasoline, aviation gasoline, distillate fuels such as diesel fuel and home heating oil, 

4 kerosene, jet fuel, No. 2 oil, residual fuel, No. 6 fuel, or bunker fuel. 
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1 23. The method of claim 15 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of liquefied natural gas (LNG), liquefied petroleum gas (LPG), 

3 motor gasoline, aviation gasoline, distillate fuels such as diesel fuel and home heating oil, 

4 kerosene, jet fuel, No. 2 oil, residual fuel, No. 6 fuel, or bunker fuel. 

1 24. The method of claim 1 6 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of liquefied natural gas (LNG), liquefied petroleum gas (LPG), 

3 motor gasoline, aviation gasoline, distillate fuels such as diesel fuel and home heating oil, 

4 kerosene, jet fuel, No. 2 oil, residual fuel, No. 6 fuel, or bunker fuel. 

1 25. Hie method of claim 1 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 

1 26. The method of claim 3 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 

1 27. The method of claim 15 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 

1 \ 28. The method of claim 16 wherein the Uquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fiiel, jet fuel, aviation gasoline, and motor gasoline. 
1 29. The method of claim 1 wherein the Uquid hydrocarbon fiiel is jet fuel. 

1 30. The method of claim 3 wherein the liquid hydrocarbon fuel is jet fuel. 

1 » 31 . The method of claim 15 wherein the Uquid hydrocarbon fuel is jet fuel. 

1 32. The method of claim 1 6 wherein the Uquid hydrocarbon fiiel is jet fiiel. 

1 33. The method of claim 1 further comprising synthesizing said removable 

2 DRA using one or more monomers comprising one or more polar groups. 
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1 34. The method of claim 3 further comprising synthesizing said removable 

2 DRA using one or more monomers comprising one or more polar groups. 

1 35. The method of claim 16 further comprising synthesizing said removable 

2 DRA using one or more monomers comprising one or more polar groups. 

1 36. The method of claim 32 further comprising synthesizing said removable 

2 DRA using one or more monomers comprising one or more polar groups. 

1 37. The method of claim 1 further comprising modifying DRA after synthesis 

2 to include one or more polar groups. 

1 38. The method of claim 3 further comprising modifying DRA after synthesis 

2 to include one or more polar groups. 

1 39. The method of claim 16 further comprising modifying DRA after 

2 synthesis to include one or more polar groups. 

1 40. The method of claim 32 further comprising modifying DRA after 

2 synthesis to include one or more polar groups. 

1 41 . The method of claim 33 wherein said one or more monomers are selected 

2 from the group consisting of alpha-olejfins, isobutylenes, acrylates, styrenes, and 

3 combinations thereof. 

1 42. The method of claim 34 wherein said one or more monomers are selected 



2 * from the group consisting of alpha-olefins, isobutylenes, acrylates, styrenes, and 

3 combinations thereof. 
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1 43. The method of claim 35 wherein said one or more monomers are selected 

2 from the group consisting of alpha-olefins, isobutylenes, acrylates, styrenes, and 

3 combinations thereof. 

1 44. The method of claim 36 wherein said one or more polar groups are 

2 selected from the group consisting of alpha-olefins, isobutylenes, acrylates, styrenes, and 

3 combinations thereof. 

1 45. The method of claim 37 further comprising synthesizing said 

2 polymerizing monomers selected from the group consisting of 1 -hexene, 1 -octene, 1 - 

3 decene, 1-dodecene, 1-tetra-decene. 

1 46. The method of claim 1 wherein said removable DRA comprises 

2 polyalphaolefins comprising polymerized linear alpha olefin (LAO) monomers having 

3 from about 2 to about 40 carbon atoms. 

1 47. The method of claim 1 wherein said removable DRA comprises at least 

2 two different LAO's having from about 6 to about 12 a carbon atoms, the number of 

3 carbon atoms of the at least two different LAO's differing by 6. 

1 48. The method of claim 45 wherein said synthesizing comprises solution 

2 polymerization. 

1 49. The method of claim 1 wherein said one or more polar groups comprise a 

2 > moiety selected from the group consisting of oxygen, sulfur, nitrogen, halogen, 

3 phosphorus, unsaturated carbon-carbon bonds other than said single terminal unsaturated 

4 carbon-carbon bond, and combinations thereof. 
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1 50. The method of claim 3 wherein said one or more polar groups comprise a 

2 moiety selected from the group consisting of oxygen, sulfur, nitrogen, halogen, 

3 phosphorus, unsaturated carbon-carbon bonds other than said single terminal unsaturated 

4 carbon-carbon bond, and combinations thereof. 

1 51. The method of claim 1 6 wherein said one or more polar groups comprise a 

2 moiety selected from the group consisting of oxygen, sulfur, nitrogen, halogen, 

3 phosphorus, unsaturated carbon-carbon bonds other than said single terminal unsaturated 

4 carbon-carbon bond, and combinations thereof. 



1 52. The method of claim 32 wherein said one or more polar groups comprise a 

2 moiety selected from die group consisting of oxygen, sulfur, nitrogen, halogen, 

3 phosphorus, unsaturated carbon-carbon bonds other than said single terminal unsaturated 

4 carbon-carbon bond, and combinations thereof. 

1 53. The method of claim 1 wherein the polar groups are selected from the 

2 group consisting of hydroxyl groups, carbonyl groups, carboxyl groups, ether groups, 

3 ester groups, epoxide groups, salts thereof, groups comprising the foregoing groups, and 

4 combinations thereof. 

1 54. The method of claim 1 wherein the polar groups are selected from the 

2 group consisting of acrylic acid and acrylic acid salts of the following general formula: 

CH CR* 



c=o 

I 

OM 
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4 where R 1 is H or an alkyl group and M is selected from the group consisting of hydrogen, 

5 metals, and nitrogen-containing bases. 

1 55. The method of claim 1 wherein the polar groups are selected from the 

2 group consisting of thiols, carbonyl sulfides, sulfonic acid groups, sulfonates, sulfonides, 

3 groups comprising the foregoing groups, and combinations thereof. 

1 56. The method of claim 1 wherein the polar groups are selected from the 



2 group consisting of ammonium groups, amine groups, N-substituted amine groups, amide 

3 groups, N-substituted amide groups, amidine groups, N-substituted amidine groups, 

4 acidic groups carried by substituents of N-acrylamide, N-methacrylamide, N- 

5 acrylamidine or N-methacrylamidine, nitrile groups, groups comprising the foregoing 

6 groups, and combinations thereof. 



1 57. The method of claim 1 wherein the polar groups are selected from the 

2 group consisting of N-substituted amides and N-substituted amidines. 

1 58. The method of claim 1 wherein said N-substituted amides and N- 

2 substituted amidines comprise an N-substituent comprising one or more polar groups 

3 other than a primary amine. 

1 59. The method of claim 1 wherein the polar groups comprise tertiary amines 

2 and quaternary ammonium salts. 

1 » 60. The method of claim 1 wherein the polar groups are selected from the 

2 group consisting of N-substituted acrylamide groups and N-substituted methacrylamide 

3 groups have the following general formula: 
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— CH 2 — CR' 

I 

c =0 

I 

NH 

I 

4 RY 

5 

6 where R 1 is H or an alky 1 and R is an organic substituent with at least one carbon and Y is 

7 COOM, -S0 3 M or -OSO3 M in which M is selected from the group consisting of 

8 hydrogen, metals, and nitrogen-containing bases. 

1 61. The method of claim 1 wherein the polar group comprises a moiety 

2 selected from the group consisting of acrylaminidines and methacrylaminidines have the 

3 following general formula: 

CH 2 — CR 1 — 

C=NH 
NH 

4 R — x 

5 where R 1 is H or an alkyl and R is an organic substituent with at least one carbon atom 

. » 

6 and X is H or a non-ionic or ionic substituent 

1 62. The method of claim 61 wherein said non-ionic substituent is selected 

2 from the group consisting of substituents comprising oxygen, alkyl groups having from 
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3 about 4 to 24 carbon atoms, substituents comprising silicon, nitro- groups, nitroso groups, 

4 lactone groups, lactame groups, and nitrile groups. 

1 63. The method of claim 62 wherein said non-ionic substituent comprises a 

2 substituents comprising oxygen selected from the group consisting of -OH, —OR, esters, 

3 saccharides, epoxides. 

1 64. The method of claim 62 wherein said non-ionic substituent comprises a 

2 substituent comprising silicon having the following general structure 

3 [SiCRa^n-SiRs 

4 where n is from about 0 to about 1 00 and R is an alky 1 having from about 4 to 24 

5 carbons. 

1 65. The method of claim 68 wherein the Mis selected from the group 

2 consisting of primary amines, secondary amines, tertiary amines, quaternary bases, 

3 pyridines, naphtyridines, guanidines, amidines, and salts thereof. 

1 66. The method of claim 54 wherein M is selected from the group consisting 

2 of -COOX, -SO3X, -OSO3X or -OPO2 OX in which X is a cation. 

1 67. The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of oxygenated phosphorus groups, halogenated phosphorous groups, 

3 groups comprising the foregoing groups, and combinations thereof. 

1 * 68. The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of phosphine groups, phosphate groups, phosphoric acid groups, groups 

3 comprising the foregoing groups, and combinations thereof. 
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1 69. The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of alkenyl groups, alkynyl groups, aromatic groups, diallyl compounds, 

3 preferably diallyl ammonium compounds, ethylenically unsaturated carboxylic esters and 

4 carboxylic amides and copolymers thereof, groups comprising the foregoing groups, and 

5 combinations thereof 

1 70. The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of copolymers having structural units derived from monomers which are 

3 (A) at least one ethylenically unsaturated alcohol, carboxylic acid or ester, with at least 

4 one of (B) an ethylenically unsaturated carboxylic ester with a polar group in the ester, 

5 and (C) an ethylenically unsaturated carboxylic amide. 



1 71. The method of claim 1 wherein said the carboxylic acid is selected from 

2 the group consisting of mono, di, or tricarboxylic acid. 

1 72. The method of claim 1 wherein the carboxylic acid is selected from the 

2 group consisting of fumaric, maleic, and crotonic acids. 

1 73 . The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of acetate groups, acrylate groups, acrylamide groups, zwitterionic 

3 groups, epoxide groups, metal silicate salt groups, alkyl propane sulfonic acid groups, N« 

4 sulfoalkyl-N-alkacroyloxyalkyl groups, N,N-dialkyl-ammonium betaine (IV) groups, 



5 * groups comprising quaternary salts of dialkylamino alkyl alkacrylates, poly 

6 (dialkylamino alkylacrylamide groups, poly (dialkylamino alkylacrylamide) groups, (3- 

7 acrylamido-3-alkyl) alkylpolyalkylammonium chloride groups, 2-acrylamido-2- 

8 alkylpropane sulfonic acid groups, and dialkyldiallyl ammonium chloride groups, alkyl 
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9 styrene sulfate groups, carboxyvinyl groups, vinyl acrylamide groups, carboxymethyl- 

10 cellulose groups 

1 74. The method of claim 1 wherein said polar groups are selected from the 

2 group consisting of sodium silicate groups, calcium silicate groups, magnesium silicate 

3 groups, iron silicate groups, aluminum silicate groups, alkyl-poly(etheroxy) acrylate 

4 groups, methyl propane sulfonic acid groups, N-3 -sulfopropyl-N-methacroyloxyethyl- 

5 N,N-dimethyl-ammomum betaine (VI) groups, quaternary salts of dimethylamino alkyl 

6 methacrylates, quaternary salts of dimethylamino alkylmethacrylamide groups, poly 

7 (dimethylamino methylacrylamide) groups, (3-acrylamido-3-methyl) 

8 alkylpolyalkylammonium chloride groups, 2-acrylamido-2-methylpropane sulfonic acid 

9 groups, and dimethyldiallyl ammonium chloride groups, methyl styrene sulfate groups, 

1 0 carboxyvinyl groups, vinyl acrylamide groups, carboxymethylcellulose groups, 

1 1 hydroxyethylcellulose groups, alkylpoly (etheroxy) acrylate groups, methyl propane 

12 sulfonic acid, N-(3-sulfopropyl-N-methacroy^ betaine 

1 3 (VI) groups, quaternary salts of dimethyiaminoethyl methacrylate and 

14 dimethylaminopropyl methacrylamide groups, poly (dimethylamino methylacrylamide) 

1 5 groups, (3-acrylmido-3-methyl) butyltrimethylammonium chloride groups, 2-acrylamido- 

16 2-methylpropane sulfonic acid groups, dimethyldiallyl ammonium chloride groups, and, 

17 * methacrylamido propyl trimethyi ammonium chloride, organic electrolyte such as 

1 8 cetyltrimethylammonium salicylate and sodium salicylate; cetyltrimethylammonium 3,4,- 

1 9 dichlorobenzoate and sodium 3,4-dichlorobenzoate; and tetradecyltrimethylammonium 

20 salicylate and sodium salicylate. 
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1 75. The method of claim 1 wherein said polar groups arc selected from the 

2 group consisting of zwitterionic groups having the following general structure: 

D E F 



— (CH 2 C) x — (CH 2 — C) y — (CH 2 — C) z — 

I I I 

3 W X Xl 

4 wherein 

5 W is a CONH 2 or CONHR or CONRR' or COO" or COOR" group, where R, R' 

6 and R" are linear or branched aliphatic radicals; 

7 x,y, and z are molar percentages, y+z not equal to zero; 

S D, E and F are an atom of hydrogen or a methyl group, X and X' correspond to 

9 one of the following two formulas; 

O 

II I 
C N R 4 N + R, Z- 



Rs R 3 



10 

11 wherein 



R 4 — N + — ^ 
R 3 



12 R2 and R 3 are each a monovalent hydrocarbon radical; 
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13 Ri is a divalent organic group comprising a linear chain consisting of carbon 

14 atoms, containing 3 to 12 atoms in linear chain, that can be interrupted by 

15 1 nitrogen atom carrying an amide function or by 1 to 3 oxygen atoms and 

16 comprising possibly alkyl or hydroxyl substituents; 

17 R4 is a linear or branched aliphatic group and R 5 is a hydrocarbon radical; 

1 8 Z- meets at least one of the following formulas corresponding to sulfobetaines and 

19 phosphobetaines respectively: 
O o 



s — o- — p — a 

11 



o 

20 

21 wherein 



22 R 9 is a methyl, phenyl or alkoxy radical, 

23 in cases where synthesis is carried out in the absence of salts: 

24 6 ;+ ^max=40%, 

25 in the case of phosphobetaines and of synthesis in the presence of salts 

26 (^+z;max=100%. 

1 76. The method of claim 75 wherein R 1 is selected from the group consisting 

2 * of those having the following general formula: 
3 
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— (CH 2 ) m (CH) p — (C H 2 ) — 

I 

l 

c 

— (C) n — N — (CH 2 ) m — (CH) p — (CH 2 ) q — 



5 herein 



6 and R7 comprise hydrocarbon radicals; 

7 Rs is selected from the group consisting of a hydrogen atom and a hydrocarbon 

8 radical; 

9 nis2or3; 

10 m is from 1 to 4; 

11 pisftomOtol; 

12 qisfromOtol; 

13 Y is selected from the group consisting of methyl groups and hydroxyl groups; 

14 provided that, when Y is a hydroxyl group, p is 1, m is 1 and q is 1, and 

15 when Y is a methyl group, p is I,mis2andqisfrom0to l;and,ifpis0, 

16 the sum m+q is 2, 3, or 4. 

1 * 77. The method of claim 75 wherein Ri is selected from the group consisting 



2 of one of the following four formulas: 
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(CH 2 ) r — (CH 2 — CH 2 — 0 ) s — CH 2 CH 2 — 

(CH 2 — CH CH 2 — 0) t CH 2 CH CH 2 

I I 
OH OH 

(CH 2 CH 2 — 0) s CH 2 CH 2 

I I 

3 CH 3 CH 3 

4 wherein 

5 r is an integer between 3 and 12; 

6 s is an integer between 1 and 3; and, 

7 t is an integer thai can be 1 or2. 

1 78. The method of claim 1 wherein said polar groups have the following 

2 general formula: 

CH, — CR 



(CH 2 ) X 

i 

3 NR'-R M 

4 wherein 

5 .> R, R', and R" are selected from the group consisting of hydrogen and alkyl 

6 groups; and, 

7 x is from about 0 to about 40. 
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1 79. The method of claim 1 1 wherein said removal agents are selected from the 

2 group consisting of graphites selected from the group consisting of GRAPHITE 2139, 

3 GRAPHITE 3726, GRAPHITE 3739, GRAPHITE 5539, GRAPHITE 9039, GRAPHITE 

4 GA- 1 7, and combinations thereof. 

1 80. The method of claim 1 3 wherein said removal agents are selected from the 

2 group consisting of graphites selected from the group consisting of GRAPHITE 2139, 

3 GRAPHITE 3726, GRAPHITE 3739, GRAPHITE 5539, GRAPHITE 9039, GRAPHITE 

4 GA-17, and combinations thereof. 

1 81 . The method of claim 15 wherein said removal agents are selected from the 

2 group consisting of graphites selected from the group consisting of GRAPHITE 2139, 

3 GRAPHITE 3726, GRAPHITE 3739, GRAPHITE 5539, GRAPHITE 9039, GRAPHITE 

4 GA-17, and combinations thereof. 

1 82. A method for increasing removal of DRA from liquid hydrocarbon fuel, 

2 said method comprising: 

3 producing contaminated liquid hydrocarbon fuel comprising a concentration of 

4 removable DRA comprising a quantity of one or more polar groups other 

5 than a single unsaturated terminal carbon-carbon bond; and, 

6 contacting said contaminated liquid hydrocarbon fuel with an amount of one or 

7 , more removal agents under removal conditions effective to remove 60% 

8 or more of said removable DRA from said contaminated liquid 

9 hydrocarbon fuel, producing a reduced concentration of said removable 
10 DRA 
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1 83. The method of claim 82 wherein said one or more removal agents selected 

2 from the group consisting of activated carbons, graphites, attapulgus clay, and 

3 combinations thereof. 

1 84. The method claim 82 wherein said one or more effective removal agents 

2 comprise activated carbon. 

1 85. The method of claim 82 wherein said one or more effective removal agent 

2 comprise attapulgus clay. 

1 86. The method of claim 82 wherein said one or more effective removal 

2 agents comprise graphite. 

1 87. The method of claim 84 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 88. The method of claim 85 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 89. The method of claim 86 wherein the liquid hydrocarbon fuel has a boiling 

2 range of from about 150 °F to about 750 °F. 

1 90. The method of claim 84 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 

1 91 . The method of claim 85 wherein the liquid hydrocarbon fuel is selected 

2 , from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 

1 92. The method of claim 86 wherein the liquid hydrocarbon fuel is selected 

2 from the group consisting of diesel fuel, jet fuel, aviation gasoline, and motor gasoline. 
1 93. The method of claim 84 wherein the liquid hydrocarbon fuel is jet fuel. 
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1 94. The method of claim 85 wherein the liquid hydrocarbon fuel is jet fuel. 

1 95. Thememodofclaim86wheremmeUquidhy(lrocarbon&elis^ 

1 96. A method of modifying DRA to increase removal from liquid hydrocarbon 

2 fuel comprising: 

3 providing synthesized DRA consisting essentially of carbon and hydrogen and up 

4 to a single terminal unsaturated carbon-carbon bond; and, 

5 modifying said synthesized DRA to produce modified DRA comprising pendant 

6 polar groups effective to increase removal of said modified DRA from 

7 said liquid hydrocarbon fuel by one or more removal agents compared to 

8 removal of said synthesized DRA by the same one or more removal agents 

9 under the same conditions. 

1 97. Modified DRA comprising a polymer backbone consisting essentially of 

2 carbon and hydrogen and up to a single terminal unsaturated carbon-carbon bond, said 

3 modified DRA further comprising a quantity of pendant polar groups effective to increase 

4 removal of said modified DRA from a liquid hydrocarbon fuel by one or more removal 

5 agents compared to removal of the same DRA absent said quantity of pendant polar 

6 groups under the same conditions. 
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